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Abstract

Background: New Zealand (NZ) has a high prevalence of both peritoneal dialysis (PD) and home haemodialysis (HD) relative
to other countries, and probably less selection bias. We aimed to determine if home dialysis associates with better survival
than facility HD by simultaneous comparisons of the three modalities.

Methods: We analysed survival by time-varying dialysis modality in New Zealanders over a 15-year period to 31-Dec-2011,
adjusting for patient co-morbidity by Cox proportional hazards multivariate regression.

Results: We modelled 6,419 patients with 3,254 deaths over 20,042 patient-years of follow-up. Patients treated with PD and
facility HD are similar; those on home HD are younger and healthier. Compared to facility HD, home dialysis (as a unified
category) associates with an overall 13% lower mortality risk. Home HD associates with a 52% lower mortality risk. PD
associates with a 20% lower mortality risk in the early period (<3 years) that is offset by a 33% greater mortality risk in the
late period (>3 years), with no overall net effect. There was effect modification and less observable benefit associated with
PD in those with diabetes mellitus, co-morbidity, and in NZ Maori and Pacific People. There was no effect modification by
age or by era.

Conclusion: Our study supports the culture of home dialysis in NZ, and suggests that the extent and duration of survival
benefit associated with early PD may be greater than appreciated. We are planning further analyses to exclude residual
confounding from unmeasured co-morbidity and other sociodemographic factors using database linkage to NZ
government datasets. Finally, our results suggest further research into the practice of PD in NZ Maori and Pacific People,
as well as definitive study to determine the best timing for switching from PD in the late phase.
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Introduction

In New Zealand (NZ), there is general consensus that dialysis at
home is preferred to dialysis at medical facilities for clinically
appropriate people with end-stage kidney disease (ESKD) [1]. This
is driven by clinical, patient-centred and health delivery consid-
erations. Research and cumulative clinical experience both point
to better survival and patient experience for those dialysing at
home compared to those dialysing in facilities [2-6]. Economic
evaluations consistently demonstrate lower cost for home dialysis
compared to facility dialysis [7,8]. Driven by these factors, there
has been a longstanding culture of promoting home dialysis in NZ,
resulting in a prevalence that is higher than all but one of the other
Organisation for Economic Co-operation and Development
(OECD) nations [9].

Globally, there is a resurgence of interest in home dialysis,
driven by the identifiable benefits and also the need for cost
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containment in the context of unstable global economic conditions
[10-12]. A key issue for those promoting home dialysis is the
validity and extent of the assertion of better outcomes with home
dialysis. This assertion is founded on a range of observational
analyses that are biased by a number of issues, the most significant
being selection bias. In this regard, NZ is a valuable setting for
repeating these analyses, due to its uniquely high prevalence of
both home HD and PD. This situation usually translates to
improved internal validity through less selection bias, and provides
sufficient statistical power to allow simultaneous comparisons of all
modalities including home HD. In addition, NZ is a economically
developed nation with results that are reasonably generalizable. In
this research, we address the following clinical question: In a
country such as NZ, is home dialysis independently associated with
better survival than facility haemodialysis (HD), accounting for
patient characteristics?
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Table 1. Clinical characteristics of the inception cohort.

Survival on Home Dialysis in NZ

Excluded Cohort with

Variable Study Cohort Missing Data
Number 6,419 64
Age Years 59.2 (49.3, 68.1) 60.6 (51.5, 66.1)
Gender Male 3,838 (59.2) 40 (62.5)
Female 2,581 (40.2) 24 (37.5)
Ethnicity NZ European-&-Other 2,921 (45.5) 30 (46.9)
NZ Maori 2,053 (32) 28 (43.8)
Asian 378 (5.9) 1(1.6)
Pacific People 1,067 (16.6) 5(7.8)
Late referral* 1,486 (23.1) 26 (35.9)
eGFR* mL/min/1.73 m? 6.2 (4.3, 8.8) 4.7 (0,7.5)
Smoking* 1,073 (16.7) 11(17.2)
Diabetes Mellitus* Type 1 220 (3.4) 3 (4.7)
Type 2 2,997 (46.7) 36 (56.3)
Primary renal Glomerulonephritis/Other 2,797 (43.6) 22 (34.4)
Disease Hypertension/Ischemic 743 (11.6) 13 (20.3)
Diabetic nephropathy 2,879 (44.9) 29 (45.3)
Co-morbid disease Coronary artery 2,422 (37.7) 30 (46.9)
at baseline Peripheral vascular* 1,528 (23.8) 27 (42.2)
Cerebrovascular 893 (13.8) 13 (20.3)
Lung 1,111 (17.3) 17 (26.6)
Co-morbid disease Coronary artery 2,871 (44.7) 32 (50)
at end of follow-up Peripheral vascular* 1,850 (28.8) 29 (45.3)
Cerebrovascular 1,068 (16.6) 13 (20.3)
Lung 1,279 (19.9) 18 (28.1)
Body mass index* kg/m? 28.1 (24.2, 3.8) 33.3 (25.5, 36.4)

*P<0.05 for study cohort versus excluded cohort with missing data.
doi:10.1371/journal.pone.0096847.t001

We present analyses in a restricted cohort of New Zealanders
from the Australian and New Zealand Dialysis and Transplant
Registry (ANZDATA) Registry which has prospectively collected
data on ESKD patients in these countries since 1963 (www.
anzdata.org.au). We compare survival over a 15-year period
between those treated with home dialysis and those treated with
facility HD, adjusting for measured patient risk factors such as age
and co-morbidity.

Methods
Study Design

We performed a cohort study, using an as-treated framework
(“did the exposure that the patient actually receive affect
mortality?”), as opposed to an intention-to-treat framework (“did
exposure that the patient initially receive affect mortality,
irrespective  of subsequent changes that occurred along the
way?”) [13]. The study protocol was reviewed and approved by
the National (NZ) Health and Disability Ethics Committee
(IORG0000895) and the Counties Manukau Institutional Review
Board, and the need for patient consent waived under the
provisions for retrospective audit and observational study.

PLOS ONE | www.plosone.org

Note: Continuous variables are shown as median (25th, 75th percentile); categorical variables are shown are number (percentage). For the excluded cohort with missing
data, the sum of patients within each category equals the number of patients of within this cohort who have data pertaining to that category.

Participants and Data Source

The ANZDATA Registry collects data on all ESKD patients
from every dialysis centre in Australia and NZ. ESKD patients are
defined as those with a diagnosis of chronic kidney disease, and for
whom renal replacement therapy is intended to be an indefinite
treatment. Until 2004, data collection rounds occurred at 6-
monthly intervals (31 March and 30 September). Since 2004,
rounds have occurred annually (31 December). Details of the
structure and methods of the registry have been reported
elsewhere [14].

We created an inception cohort of adult ESKD patients (=18
years at dialysis inception), whose first episode renal replacement
therapy occurred after 1-Jan-1997 in NZ. Prevalent patients at the
start of the period of observation were not included, a measure
which avoids lead time bias, and immortal time bias. Patients were
followed through their entire patient journey until death or 31-
December-2011, whichever occurred first. Censoring was at the
time of kidney transplantation, return of renal function or loss to
follow-up.

Primary Exposure and Outcome Variables

The primary exposure in this study is time-varying dialysis
modality. The exposure of ‘facility HD’ was defined as dialysis in a
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Figure 1. Kaplan Meier estimates of survival. Abbreviations: HD, haemodialysis; PD, peritoneal dialysis.

doi:10.1371/journal.pone.0096847.g001

dependent fashion at a staffed hospital or satellite dialysis HD unit,
and the exposure of ‘home dialysis’ was defined as dialysis in an
independent fashion in an unstaffed setting using either HD or
peritoneal dialysis (PD). Home dialysis was further analysed in
separate categories of PD or home HD. We did not further
subcategorize HD modalities as being frequent or extended hours:
a previous study in Australia and NZ has shown mortality benefit
with home HD and its related characteristics, but not with
frequent/extended operating characteristics per se [4].

The primary outcome was patient mortality, based upon details
provided by the treating nephrologist.
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Data Measurement and Quantitative Variables

We adjusted for known patient-related risk factors collected in
the ANZDATA Registry: age, gender, ethnicity, primary kidney
disease, estimated glomerular filtration rate (eGFR) [15], late
referral for nephrology pre-dialysis care (<3 months before dialysis
inception), diabetes mellitus (none, type 1, type 2), body mass
index (BMI), medical co-morbidity (coronary artery disease,
peripheral vascular disease, cerebrovascular disease, chronic lung
disease), smoking, plasma hemoglobin, and year of dialysis
inception to account for any secular variation. We did not include
serum calcium/phosphate, since these data have only been
collected since 1 October 2003. Medical co-morbidity was
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modeled as time-varying, according to presence or absence at the
point of each modality change.

Statistical Methods

We constructed exposure-outcome models for survival using
Cox proportional hazards regression. For all comparative analyses
of mortality risk by modality, we modeled facility HD as the
reference category. In the first set of analyses, we compared facility
HD with home dialysis, and in the second set we compared facility
HD with PD and home HD separately. Modality was modelled as
time varying, and handled by episode-splitting within patients,
assuming a constant hazard rate within time periods of modality.

We used two and three way interaction terms in the main-effects
models to test effect modification by age, ethnicity, comorbidity,
BMI, the presence and type of diabetes mellitus, and year of
dialysis inception. We chose these interactions as being clinically
plausible, on the basis of both published literature as well as
cumulative clinical experience. Interactions were assessed using
the two-tailed Wald test P values as a guide to selecting interaction
terms for testing, with significance within the model using the
likelihood ratio test (P value <0.05). Where effect modification was
evinced, separate models were developed in each subgroup.
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Table 2. Clinical characteristics of the study cohort at modality inception.
Facility Peritoneal Home Home
Variable Hemodialysis Dialysis Hemodialysis Dialysis
Number 8.713 9,728 1,547 11,275
Age** Years 57.3 (47.6, 65.9) 59.8 (50.2, 68.5) 50.7 (41.5, 59.3) 58
Gender** Male 5,258 (60.3) 5,412 (55.6) 1,061 (68.6) 6,473 (57.4)
Female 3,455 (39.7) 4,316 (44.4) 486 (31.4) 4,802 (42.6)
Ethnicity*# NZ European-&-Other 3, 169 (36.4) 4,590 (47.2) 748 (48.4) 5,338 (47.3)
NZ Maori 3,068 (35.2) 3,309 (34) 542 (35) 3,3851 (34.2)
Asian 465 (5.3) 611 (6.3) 57 (3.7) 688 (5.9)
Pacific People 2,011 (23.08) 1,218 (12.5) 200 (12.9) 1,418 (12.6)
Late referral** 2,310 (26.5) 2,293 (23.6) 290 (18.8) 2,583 (22.9)
eGFR*# mL/min/1.73 m? 5.8 (4.1, 8.2) 6.5 (4.5, 9.1) 5.7 (3.8, 7.6) 6.4 (4.4, 8.9)
Smoking 1,537 (17.6) 1,672 (17.2) 264 (17.1) 1,936 (17.2)
Diabetes Mellitus** Type 1 246 (2.8) 404 (4.3) 46 (2.8) 450 (4.0)
Type 2 4,378 (50.3) 4,381 (45) 537 (34.7) 4,918 (43.6)
Primary renal** Glomerulonephritis/Other 3,694 (42.4) 4,106 (42.2) 918 (59.3) 5,024 (44.6)
Disease Hypertension/Ischemic 846 (9.71) 1,259 (12.9) 127 (8.2) 1,386 (12.3)
Diabetic nephropathy 4,173 (47.9) 4.363 (44.9) 502 (32.5) 4,865 (43.1)
Co-morbid disease Coronary artery*# 3,521 (40.5) 3,950 (40.6) 453 (29.3) 4,403 (39.1)
at baseline Peripheral vascular* 2,236 (25.7) 2,645 (27.2) 232 (15) 2,877 (25.5)
Cerebrovascular* 1,251 (14.4) 1,538 (15.8) 108 (7) 1,646 (14.6)
Lung*# 1,713 (19.7) 1,684 (17.3) 231 (14.9) 1,915 (17.0)
Co-morbid disease Coronary artery*" 4,118 (47.3) 4,573 (47) 550 (35.6) 5,123 (45.4)
at end of follow-up Peripheral vascular* 2,633 (30.2) 3,151 (32.4) 298 (19.3) 3,449 (30.6)
Cerebrovascular* 1,454 (16.7) 1,848 (19) 136 (8.8) 1,984 (17.6)
Lung*# 1,965 (22.6) 1,894 (19.5) 277 (17.9) 2,171 (19.3)
Body mass index* kg/m? 29.0 (24.8, 34.2) 27.3 (24, 31.1) 29.7 (25.4, 36.9) 27.6 (24.1, 31.6)
Note: Continuous variables are shown as median (25th, 75th percentile); categorical variables are shown are number (percentage).
*P<0.05 for facility versus home.
#p<0.05 for facility versus peritoneal dialysis versus home hemodialysis.
Patients may be classified in multiple modality categories due to multiple exposures over the duration of their follow-up.
doi:10.1371/journal.pone.0096847.t002

Continuous co-variates such as age and BMI were modeled as
quantiles in order to avoid the assumption of linear relationships.
We removed co-variates from the multivariate model in a
backward stepwise fashion beginning with the co-variate with
the highest P value from two-tailed Wald tests of the individual
coeflicients, using the partial likelihood ratio test to compare the
new reduced model with the older larger. We based final
confounder selection upon both biological plausibility and
contribution to the comprehensibility of the model, and also the
significance of the co-variate within the model as assessed by the
two-tailed partial likelihood ratio test P value at a level of <0.2
when jointly adjusted for other covariates.

The findings of this study are largely expected and confirma-
tory, although there are novel findings. We re-iterate that our
facility HD and PD populations were very balanced in terms of
demographics and co-comorbidity, and that very few studies in the
literature report outcomes that compare all three dialysis
modalities (facility HD, PD and home HD). In our study, there
are sufficient data-points for us to estimate the effects of facility
HD and home HD separately, and treat the exposures separately.
As such, our data allow us demonstrate the extended duration of
the survival advantage with PD compared to facility HD, with
perhaps more confidence than other investigators. In addition, this
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also allows us to directly compare PD (10880 records, 3738
patients, 1525 failures) with home HD (1942 records, 1942
patients, 194 failures) as sub-modalities of home dialysis. In our
study, it is clear that home HD is associated with the lowest
mortality risk of the home modalities, even within the first 3 years:
the a hazard ratio for death (95% confidence intervals) with home
HD is 0.52 (0.41-0.65) compared to PD in the early period.

We included a gamma distributed shared frailty, using the
center of initial dialysis treatment as the group. This procedure
adds a random effect to model heterogeneity of effect across
defined groups, and accounts in this case for the ‘treatment-by-
centre’ interaction. We included a shared frailty in the final model
based upon significance at a level of <0.05 as assessed by the two-
tailed partial likelihood ratio test.

The assumption for proportional hazards for the final models
was assessed formally by the use of scaled Schoenfeld residuals,
and visually by -In [-In(survival)] versus In(analysis time) plots for
modality, adjusted for confounders. We assessed overall goodness
of fit visually by comparing plots of Kaplan-Meier observed
survival curves to the Cox predicted curves for modality.

Where necessary, comparisons between groups were made
using the Student’s t-test, Mann—Whitney U or Kruskal-Wallis
tests, or chi-square test as appropriate.

Statistical significance to associations was attributed to findings
if the two-tailed P value was <0.05.

PLOS ONE | www.plosone.org

We used Stata Intercooled MP/11.2 for analyses (StataCorp,
www.stata.com).

Results

Participants and Outcome Data

We identified an inception cohort of 6483 adult patients with
3298 deaths over 20,123 patient-years follow-up. There were
6419 with 3254 deaths over 20,042 patient-years of follow-up with
sufficient data for modelling: Table 1 summarizes the inception
and study cohorts. Of note, those with missing data had a higher
probability of being late referrals with a low eGFR at dialysis
inception, active smokers, and diabetes mellitus. Of the modelled
deaths, 52% were due to cardiovascular causes, 14% due to
infectious causes, and the remainder due to treatment withdrawal,
cancer and other causes.

Descriptive Data

Table 2 summarizes patient characteristics of the study cohort
at modality inception (the point of commencement of dialysis
modality). In this table only, some patients are classified in multiple
modality categories according to their time-varying exposure over
the period of observation, although for Table 1 and all analyses of
mortality by modality every patient is “counted” only once.
Patients treated with facility HD and PD had comparable
demographics and co-morbidity. Compared to those treated with
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doi:10.1371/journal.pone.0096847.9003

facility HD or PD, however, patients on home HD were younger,
more likely to have ESKD secondary to single-organ (e.g.
glomerulonephritis) rather than systemic disease, and less likely
to have diabetes mellitus or medical co-morbidity.

Kaplan Meier estimates of survival by modality are illustrated in
Figure 1. The unadjusted median (interquartile range) survival for
all patients in the study sample is 4.27 (4.12, 4.38) years. The
corresponding values for those on facility HD and home dialysis
are 4.16 (2.05, 7.23) and 4.30 (2.35, 7.79) years. The correspond-
ing values for PD and home HD are 3.92 (2.11, 6.34) and 8.49
(4.30, —) years.

PLOS ONE | www.plosone.org

Main Results

In the first set of analyses, we compared facility HD to home
dialysis. In the second set of analyses, we compared facility HD
with PD and home HD separately. All comparative results of
mortality risk by modality are reported as hazard ratios relative to
the reference category of facility HD.

Initial modelling demonstrated loss of proportional hazards for
the variable home dialysis (P=0.0021) and with the second set
analyses confirming this for those on PD (P<<0.00005) but not
those treated with home HD (P =0.36). Further modelling of the
interaction between modality and time on dialysis show that both
home dialysis and PD interacted with time at all levels up to and
including 3 years (lower risk before, with higher risk of death after
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Table 3. Time dependency of treatment effects, fully adjusted for the co-variates listed in Table 2.

Modality Time Interaction Term Time on Dialysis

During After

Before

Hazard ratio for mortality (95% ClI)

Home dialysis Continuous/ 1 year
linear
Continuous/ 2 years
linear
Continuous/ 3 years
linear
Category 0-1 years
Category 1-2 years
Category 2-3 years
Category =3 years
Peritoneal dialysis Continuous/ 1 year
linear
Continuous/ 2 years
linear
Continuous/ 3 years
linear
Category 0-1 years
Category 1-2 years
Category 2-3 years
Category =3 years

0.68 (0.58-0.80)* 1.47 (1.23-1.47)**

0.80 (0.70-0.87)* 1.33 (1.14-1.53)**

0.81 (0.74-0.89)* 1.36 (1.17-1.57)**

1.0
1.29 (1.00-1.61)"
1.25 (0.98-1.57)

1.57 (1.30-1.90)%

0.70 (0.60-0.82)* 1.64 (1.37-1.96)**

0.83 (0.74-0.93)* 147 (1.27-1.71)**

0.87 (0.79-0.96)* 1.54 (1.33-1.80)**

1.0
1.35 (1.01-1.70)"
1.32 (1.00-1.67)

1.84 (1.51-2.24)%

* P<0.05 versus facility HD.
** P<0.05 versus hazard ratio during earlier period.
#P<0.05 versus the baseline category of 0-1 years.

doi:10.1371/journal.pone.0096847.t003

cach time period compared to facility dialysis, see Table 3 and
Figure 2). On this basis, we estimated main and interaction effects
models for follow-up periods of <3 years (referred to hereafter as
the “early” period) and >3 years (the “late” period).

The results of the first set of analyses (comparing facility HD to
home dialysis) are illustrated and tabulated in Figure 3 (top panels)
and Table 4. Overall, there is a 13% lower mortality risk
associated with home dialysis. However, the presence and extent
of this effect varies over time: it is most marked in the early period
and not apparent in the late period.

The results of the second set of analyses (comparing facility HD
with PD and home HD separately) are provided in Figure 3
(bottom panels) and Table 5. Overall, there is no difference in
mortality risk between PD and facility HD, although there is a
20% lower mortality risk associated with PD in the early period
that is offset by a 33% greater mortality risk in the late period.
Overall, there is a 52% lower mortality risk associated with home
HD, with no significant variation of the presence and extent of this
effect over time.

Two-way and Three-way Interactions

In the first set of analyses, the effect of modality on mortality risk
is not modified within subcategories of patient age, ethnicity, BMI,
and year of dialysis inception. There is, however, notable
modification of effect among patients with medical comorbidity.
As per Table 4, the mortality risk associated with home dialysis
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The interaction between modality and time is explored as a linear function of time on dialysis, and also a categorical one. Only results for home dialysis and PD are
shown; home HD is not included since we did not identify any time dependency of effect. When modeling the treatment effect as a linear function of time, the point
estimates in the later period indicate the additional change in effect during that period. For instance, the point estimates for home dialysis indicate a 19% reduction in
mortality risk in the first 3 years, offset by an further 36% increase in relative risk in the period after three years for a total 10% increase in risk in the later period;
explicitly, (1-1.36)*(1-0.81)+0.81 = 0.10. When modeling the treatment effect as a categorical function of time, the point estimates in the later period indicate the further
change in effect during that period relative to the baseline category, in this case 0-1 years.

and facility HD is similar in the early period in these groups, with
an actual reversal of effect in those with type 2 diabetes mellitus in
the late period: in these patients, there is a 28% higher mortality
risk associated with home dialysis compared to facility HD. In the
first set of analyses, there are no three-way interactions of statistical
significance.

In the second set of analyses, the effect of modality on mortality
risk 1s not modified within subcategories of patient age and BMI.
There is minor modification of effect by the presence of medical
comorbidity and by year of dialysis inception, although the results
among subcategories of comorbidity and year are not materially
different from those in the overall population. There is, however,
notable modification of effect by ethnicity, and the presence and
type of diabetes mellitus.

For PD, NZ European-&-Other patients as well as those
without type 2 diabetes mellitus have a lower associated mortality
risk compared to facility HD in the early period, and no difference
in the late period. In NZ Maori and Pacific People and those with
type 2 diabetes mellitus, there is no difference in mortality risk
between PD and facility HD in the early period, and a higher
mortality risk associated with PD in the late period.

For home HD, there is only minor modification of effect by
most of these factors, although this may be due to the low
statistical power in this group. Notwithstanding, there may be
important modification of effect by ethnicity: in Pacific People,
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there is no difference in mortality risk between home HD and
facility HD.

In the second set of analyses, there is a single three-way
interaction of borderline statistical significance, between subcate-
gories of ethnicity and year of dialysis inception. Exploration of
this interaction within these subcategories produced results that
are not materially different from those in the overall population
(data not shown).

Discussion

Our study generally supports the clinical and organizational
culture of promoting home dialysis in NZ. Our main observations
are from models that are fully adjusted for patient risk factors such
as patient age and co-morbidity: 1) compared to facility HD, home
dialysis is independently associated with improved overall survival;
(2) compared to facility HD and PD, home HD is associated with
the best overall survival; and (3) compared to facility HD, PD is
assoclated with equivalent overall survival.

Our results comparing home HD and facility HD are consistent
with those in the literature, including those found in a previous
study of an Australian and NZ cohort: home HD has equivalent or
better overall survival compared to facility HD and PD [4,16-28].
We did not identify any modification of effect by time on dialysis
or patient characteristics, with reasonable allowance for the
reduced statistical power within this small group. In contrast, only
some of our results comparing PD and facility HD are consistent
with those in the literature, with particular differences around
statistical interactions in our models. Traditionally, the effect of
PD on survival is modified by time on dialysis [29-33], era [34],
diabetes mellitus [4,29-31,33,35-40], age [4,29-31,33,35,36,40],

PLOS ONE | www.plosone.org

Table 4. Overall population conditional effects of modality on mortality, and interaction effects, fully adjusted for the co-variates
in Table 2.
Follow-up Home Dialysis
Hazard ratio for mortality (95% CI)
Total population Overall 0.87 (0.81-0.94)*
<3 years 0.75 (0.68-0.83)*
>3 years 1.07 (0.96-1.21)
Comorbidity™ Absent Overall 0.78 (0.67-0.90)*
<3 years 0.64 (0.52-0.78)*
>3 years 1.07 (0.85-1.35)
Present Overall 0.93 (0.85-1.01)
<3 years 0.81 (0.72-0.91)*
>3 years 1.08 (0.94-1.23)
Diabetes mellitus™ Absent Overall 0.74 (0.66-0.83)*
<3 years 0.65 (0.56-0.75)*
>3 years 0.91 (0.77-1.09)
Type 1 Overall 0.48 (0.29-0.78)*
<3 years 0.38 (0.20-0.73)*
>3 years 0.66 (0.32-1.33)
Type 2 Overall 1.04 (0.94-1.16)
<3 years 0.92 (0.80-1.05)
>3 years 1.28 (1.10-1.50)*
*P values <0.05 relative to reference modality.
#P values <0.05 for interaction.
In the home dialysis, the primary exposure was defined as either PD or home HD. Facility HD is the reference modality.
doi:10.1371/journal.pone.0096847.t004

BMI [32,39,41-43] and co-morbidity [37,38]. The points of
difference in our study are 1) the longer duration (3 years) of early
relative survival advantage with PD than is usually described; 2)
stable rather than improving relative survival with PD over time;
3) the absence of any modification of effect by age or BMI; and 4)
the modification of effect by ethnicity.

The duration of early survival advantage with PD in our study
was found to be longer than the 1-2 years usually identified by
other investigators [29-32], and this finding persists in a variety of
sensitivity analyses as shown in Table 2. The decreasing
comparative survival with PD over time is usually attributed to
diminishing residual renal function, changing peritoneal function
with generally decreasing ultrafiltration capacity, and the use of
central venous catheters early in the course of those starting
dialysis with HD. It is likely that these factors are also present in
our study population. The longer duration of early survival
advantage in our study probably arises in part from the separation
of home HD from facility HD in our analysis. This is different
from the customary approach of all but one of the analysis in the
literature, which traditionally compares PD with all HD,
considering facility and home HD together irrespective of setting.
Our approach allows for the correct handling of facility HD,
modelling clinical outcomes that are more realistic than they might
otherwise appear when facility HD is combined with home HD,
which is the customary practice in most previous research. Our
findings raise the possibility that the extent and duration of
survival benefit associated with early PD may in fact be
underestimated in the literature.

In our study, we were not able to identify secular improvements
in relative survival over time. Such improvements have been noted
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Table 5. Overall population conditional effects of modality on mortality, and interaction effects, fully adjusted for the co-variates

Peritoneal Dialysis

Home Hemodialysis

Hazard ratio for mortality (95% ClI)

follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years
follow-up>3 years
Overall
follow-up<3 years

follow-up>3 years

0.98 (0.90-1.06)
0.80 (0.72-0.88)*
1.33 (1.17-1.50)*
0.80 (0.71-0.90)*
0.66 (0.57-0.76)*
1.14 (0.93-1.38)
1.15 (1.00-1.31)*
1.04 (0.87-1.24)
1.31 (1.07-1.61)*
1.00 (0.69-1.45)
0.72 (0.44-1.17)
1.29 (0.75-2.20)
1.31 (1.06-1.63)*
1.01 (0.75-1.36)
1.87 (1.36-2.58)*
0.87 (0.74-1.02)
0.68 (0.55-0.83)*
1.37 (1.07-1.75)*
1.02 (0.93-1.12)
0.86 (0.76-0.96)*
1.34 (1.16-1.54)*
0.85 (0.76-0.96)*
0.69 (0.59-0.81)*
1.16 (0.96-1.40)
0.48 (0.29-0.80)*
0.42 (0.22-0.82)*
0.62 (0.29-1.33)
1.15 (1.03-1.29)*
0.95 (0.83-1.09)
1.54 (1.30-1.82)*
1.00 (0.87-1.13)
0.71 (0.59-0.86)*
1.43 (1.18-1.72)*
0.98 (0.87-1.11)*
0.81 (0.69-0.96)*
1.25 (1.04-1.49)*
0.86 (0.72-1.03)*
0.79 (0.65-0.96)*
1.47 (0.86-2.51)

0.48 (0.41-0.56)*
0.41 (0.32-0.53)*
0.57 (0.46-0.70)*
0.34 (0.26-0.43)*
0.28 (0.19-0.40)*
0.44 (0.31-0.61)*
0.60 (0.48-0.76)*
0.61 (0.43-0.88)*
0.60 (0.45-0.81)*
0.61 (0.18-2.00)

0.54 (0.07-4.16)

0.45 (0.11-1.90)

0.81 (0.50-1.38)

0.91 (0.43-1.92)

0.74 (0.35-1.57)

0.48 (0.37-0.63)*
0.45 (0.30-0.66)*
0.59 (0.40-0.86)*
0.48 (0.40-0.58)*
0.39 (0.29-0.54)*
0.57 (0.44-0.73)*
0.37 (0.29-0.47)*
0.34 (0.24-0.49)*
0.41 (0.30-0.56)*
0.44 (0.19-1.03)

0.20 (0.04-0.90)*
0.92 (0.35-2.46)

0.64 (0.52-0.80)*
0.60 (0.41-0.81)*
0.70 (0.53-0.94)*
0.49 (0.39-0.62)*
0.49 (0.33-0.71)*
0.50 (0.36-0.68)*
0.51 (0.40-0.65)*
0.43 (0.29-0.63)*
0.60 (0.44-0.81)*
0.39 (0.26-0.62)*
0.28 (0.16-0.50)*
0.96 (0.44-2.08)

in Table 2.

Total Population

Ethnicity™ NZ European-&-Other
NZ Maori
Asian
Pacific People

Comorbidity™ Absent
Present

Diabetes mellitus* Absent
Type 1
Type 2

Year of dialysis Inception” 1997-2001
2002-2006
2007-2011

*P values <0.05 relative to reference modality.

#P values <0.05 for interaction.

Conventional facility HD is the reference modality.

doi:10.1371/journal.pone.0096847.t005

for of PD patients in particular, albeit mostly in the United States
where there is a particularly low prevalence of PD [44,45]. It is
likely that this has arisen from improvements to care over time,
and such improvements are usually considered to include the
introduction of disconnect systems, a shift from CAPD to APD,
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and the penetration of icodextrin and biocompatible dialysis
solutions. There have been similar changes in NZ: the percentages
of those APD, icodextrin and biocompatible dialysis solutions in
close to zero in 1996 and 44%, 46%, 3% respectively in 2011.
However, as stated, these changes have not been associated with

May 2014 | Volume 9 | Issue 5 | e96847



the expected improvement in patient survival. This raises the
possibility that improved outcomes for PD patients reported in the
literature are less the result of technical advances, and perhaps
more the result of increased experience and improved clinical care
in regions where exposure to PD is low. In NZ, there is already
longstanding experience with PD among the NZ nephrology
community, and is likely to translate into stable practices based on
a large amount of cumulative clinical knowledge and heuristics.

We did not identify any differences in early survival benefit
associated with PD across subpopulations of patient age. In other
studies in the literature, age probably functions as a marker of frail
phenotype with increased (unmeasured) medical co-morbidity. We
speculate that ethnicity may be functioning similarly in our study.
However, ethnicity may also be exerting an effect through other
unmeasured factors, such as socioeconomic status (lower status
which is known to influence the technical success of dialysis at
home [46,47]), and also perhaps rurality (greater rurality is known
to increase uptake of PD in those with poor access to facility
dialysis and reluctance to relocate, irrespective of whether or not
they are marginal or even frankly inappropriate for PD [48,49]).
Notwithstanding, the relatively poorer survival of NZ Maori and
Pacific People on PD warrants further study, and perhaps an
augmented clinical approach if findings are confirmed.

There will always be controversy as to the underlying reason for
the better survival observed on home HD. On the one hand, there
are no high quality (clinical trial) data showing that dialyses in the
home environment in itself influences mortality. Using this
reasoning, the observation of better survival should be ascribed
to differences in the treatment itself (home HD being prescribed
and delivered in a way that better manages fluid overload and
uremia), or in the patients who undergo the treatment (home
dialysis patients having unmeasured associated factors that result
in better survival. On the other hand, there are consistent
observational data showing better survival on home dialysis, with
studies demonstrating that this is not entirely explained by age,
measured co-morbidity, or the dialysis prescription [4]. Our own
opinion is that there is a causal relationship between the home
setting and better survival, probably mediated by greater
adherence to dialysis, medication, fluid restriction, and lifestyle
measures [7,50-54]. It is plausible that these factors are also
enablers to higher quality dialysis therapy, explaining the lower
reported rates of technical and infectious events that is observed
with home versus facility HD in the NZ setting [4,55]. We are
unable to explore these factors currently due to lack of appropriate
data in the ANZDATA Registry. However, we are planning
further analyses using database linkage to routinely collected NZ
government datasets, with a view to reducing unmeasured
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confounding in our analyses by including domiciliary/social
circumstances, socioeconomic deprivation, primary and secondary
healthcare utilization, and medication prescription as co-variates.
Notwithstanding, it is our opinion that the observed benefit of
home HD arises in part from an enhanced culture of self-care with
identified benefits as described.

Our results support an early survival advantage for PD, and the
paradigm of a “PD first” policy which is under consideration in
some parts of NZ. Our results also suggest the pressing need for
study to determine optimal timing for switching modalities from
PD to HD, which is surprisingly poorly researched given the
importance of the issue. Timely transition from PD to HD in the
late phase is associated with better survival, as is the avoidance of
transition to PD after an unplanned start on HD in the early phase
[56-58]. Our research suggests an appropriately powered
randomized controlled trial, allocating patients to a switch from
PD to HD at different pre-determined intervals, with appropriate
collection of clinical and biochemical information from which to
develop criteria and decision support systems.

As is the case for all observational studies, associations do not
prove causality. Our study is likely to be limited by ascertainment
error in the recording of co-morbidity, residual confounding from
the limited collection of co-morbidity, and lack of socioeconomic,
medication, and biochemical data in the analyses. Notwithstand-
ing, our study supports the widespread adoption of home dialysis
in NZ, and a drive to further increase home dialysis in that
country. The immediate next steps for our research team include
the following initiatives. We are planning further analyses in the
NZ dialysis population that (i) incorporate additional measures of
patients’ socioeconomic and functional status from data lonkage
with government datasets, and (ii) address the variable and
interchangeable exposure of patients in this country to HDF and
frequent/extended HD during the course of their modality
experience.
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